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Western  white  pine   (Pinus  monticola  Dougl.)   is  beset  by  a  number  of 
insects  and  diseases  throughout  the  100  to  120  years  required  to  reach  the 
rotation  age  provided  for  in  current  management  plans.     Foremost  among  these 
are  the  mountain  pine  beetle,  blister  rust,  and  pole  blight.     In  addition  to 
these  familiar  enemies,  unexplained  symptoms  of  crown  deterioration  have  been 
observed  periodically  in  immature  western  white  pine  stands  in  the  Inland 
Empire  since  the  1930' s.     The  more  obvious  visual  indicators  of  deterioration 
are  the  death  of  2-year-old  or  older  foliage  and  the  dying  of  branches  in  the 
lower  portions  of  tree  crowns. 

Conditions  characteristic  of  this  abnormal  crown  deterioration  in  wes- 
tern white  pine  became  prevalent  again  in  1957  and  1958,  and  have  attracted 
considerable  attention  from  foresters.     Although  the  "blighted"  appearance  of 
affected  tree  crowns  suggests  a  disease  problem,  past  observations  have  impli- 
cated a  species  of  aphid  as  a  possible  contributing  factor.     Because  of  these 
different  possibilities  preliminary  investigations  have  been  made  jointly  by 
entomologists  and  pathologists  of  the  experiment  station. 

Even  though  the  cause  of  the  crown  deterioration  reported  here  is  still 
undetermined,  it  seems  advisable  to  acquaint  forest  managers  with  the  exist- 
ing situation.  This  paper  presents  information  assembled  in  1958  concerning 
the  nature  of  the  problem,  describes  the  symptoms  and  characteristics  of  af- 
fected trees,  and  suggests  what  research  may  be  necessary  to  determine  the 
causative  agent  or  agents. 


1/  Entomologist,  Division  of  Forest  Insect  Research,  and  pathologist, 
Division  of  Forest  Disease  Research,  respectively,   Intermountain  Forest  and 
Range  Experiment  Station,  Forest  Service,  U.  S.  Department  of  Agriculture, 
Ogden,  Utah. 


DISTRIBUTION  AND  GENERAL  CHARACTERISTICS 


Reconnaissance  in  1958  disclosed  that  crown  deterioration  was  abundant 
throughout  western  white  pine  stands  in  northeastern  Washington,  northern 
Idaho,  and  western  Montana.  Severity  of  crown  deterioration  is  somewhat  more 
pronounced  toward  the  northernmost  portion  of  Idaho,  where  mortality  of  trees 
up  to  50  or  more  feet  in  height  has  occurred  or  appears  imminent.  Though  the 
deterioration  has  been  observed  in  mature  trees,  it  is  more  commonly  found  in 
immature  trees  of  less  than  rotation  age. 

Gross  visual  characteristics  of  crown  deterioration  are  most  conspicuous 
in  spring  and  early  summer  because  of  the  reddish  color  imparted  to  the  crowns 
by  dying  and  dead  foliage.     Later  in  the  year,  when  the  new  growth  is  fully 
developed  and  many  of  the  dead  needles  have  been  shed,   the  tree  crowns  regain 
a  nearly  normal  green  color.     Even  so,   the  foliage  is  thin  and  sparse  and  the 
current  year's  growth  at  the  tips  of  the  branches  gives  the  tree  crowns  a 
ragged,   tufted  appearance. 

DETAILED  SYMPTOMS 

In  the  initial  stage  of  crown  deterioration  the  first  visible  symptom  is 
discoloration  and  dying  of  2-year-old  or  older  needles.     The  current  year's 
needles  are  not  affected.     Between  individual  trees  and  areas,  however,  dis- 
tribution of  symptoms  within  tree  crowns  varies  considerably.     Commonly  a 
sharp  line  of  demarcation  appears  when  discoloration  extends  over  only  the 
lower  half  of  the  crown.     In  other  stands  discoloration  is  distributed  over 
the  entire  crown  or  is  scattered  through  portions  of  the  entire  crown. 

Detailed  examination  of  foliage  disclosed  that  damage  is  confined  to 
growth  older  than  that  of  the  current  year   (normally  western  white  pine  re- 
tains its  needles  up  to  4  years).     The  current  year's  needles  show  no  discol- 
oration, but  new  needles  and  shoot  growth  are  considerably  stunted  in  crowns 
where  the  condition  has  prevailed  for  several  years.     The  number  of  dead 
needles  on  a  branch  varies  from  few,  where  scattered  killed  fascicles  occur 
among  the  2-year-old  needles,   to  many,  where  one  entire  year's  growth  of  foli- 
age is  dead  (usually  the  3-year-old  needles) . 

Another  visible  symptom  of  crown  deterioration  is  elongated  necrotic 
spots  in  the  bark  prevalent  on  the  3-year-old  portions  of  branches.     Bark  in 
these  spots  is  split  through  the  cambium  layer,   and  the  surrounding  necrotic 
area  is  filled  with  hardened  resin.     Death  of  the  needles  seems  to  be  associ- 
ated with  these  lesions.     If  the  lesions  are  sufficiently  large  or  numerous 
the  terminal  growth  is  killed;  otherwise,   enough  green  cambium  is  left  to 
permit  continued  growth  of  the  shoot  and  only  the  3-year-old  needles  are 
killed.     No  lesions  are  found  on  the  current  year's  or  the  2-year-old  growth 
portions  of  the  twigs.     However,  old  lesions  can  be  found  on  4-,  5-year-old, 
or  older  sections  of  the  bare  twigs. 
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Figure  1. --Vertical  section  through 
the  crown  of  a  western  white  pine 
showing  the  characteristic  pattern 
of  foliage  and  branch  mortality 
associated  with  abnormal  crown 
deterioration. 


HOST  TREE  DAMAGE 

Visual  evidence  suggests  that  crowns  die  by  a  process  extending  over 
several  years.     The  pattern  of  dying  branches  and  foliage  is  quite  striking. 
Mortality  of  -limbs  progresses  from  the  base  of  the  crown  upwards,  and  twigs 
die  from  the  base  of  branches  outward.     In  advanced  stages  of  deterioration 
this  pattern  produces  a  pyramidal  appearance  of  mortality  within  the  crown, 
where  the  top  third  of  the  crown  and  only  the  current  growth  at  the  tips  of 
the  lowermost  living  branches  are  still  green   (fig.   1) .     In  the  final  stage, 
the  tree  dies  when  the  live  crown  is  reduced  below  the  level  sufficient  to 
sustain  life  processes. 


OBSERVATIONS  OF  ASSOCIATED  INSECTS 

In  August  and  September  of  1958  branch  samples  were  collected  from  many 
western  white  pine  trees  exhibiting  varying  degrees  of  crown  deterioration^ 
Examination  of  these  samples  under  a  dissecting  microscope  practically  always 
disclosed  presence  of  an  aphid  (Pineus  sp.)   on  the  bark  along  the  foliated 
portion  of  a  twig.     Although  a  few  aphids  were  found  on  most  branch  tips, 
their  numbers  could  not  be  considered  excessive  in  the  sense  of  being  massed. 
On  most  branch  samples  the  number  of  immature  larvae,  or  neosistens,  ranged 
from  a  few  to  several  dozen. 
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Aphids  were  most  numerous  at  the  base  of  the  current  year's  growth  shoot, 
often  fastened  to  the  bark  in  a  ring  around  the  twig.     Aphids  were  also  com- 
monly found  at  the  very  base  of  a  needle  fascicle.     Usually  only  one  was 
found  at  a  fascicle,  but  sometimes  two  or  three  aphids  were  grouped  at  the 
base.     In  September  a  few  wingless  female  aphids  were  often  scattered  along 
the  shoots,   some  having  a  complement  of  30  or  more  eggs  beneath  their  bodies. 
Occasionally  the  earliest  laid  eggs  were  hatching  and  first  stage  "crawlers" 
were  nearby. 

Although  aphids  were  somewhat  more  numerous  on  trees  in  areas  exhibiting 
advanced  stages  of  crown  deterioration,   there  was  still  no  external  evidence 
to  indicate  their  role,   if  any,   in  producing  symptoms  of  crown  deterioration. 
Likewise,  no  evidence  has  been  found  that  might  connect  aphids  with  the 
necrotic  lesions  on  the  twigs.     In  other  areas  aphids  were  found  on  trees 
showing  symptoms  of  crown  deterioration  (thin,   scanty  foliage) ,  but  no 
lesions . 

A  large  brown  mite  was  commonly  found  along  the  twigs,  usually  in  crev- 
ices farther  back  along  the  bare  portions  of  a  twig  or  branch.     These  mites 
did  not  seem  to  be  predaceous  on  aphids,  but  otherwise  their  presence  has  not 
been  explained. 

Further  investigation  is  needed  to  determine:    (1)   the  nature  of  damage 
caused  by  aphid  feeding,   and   (2)  whether  aphids  are  connected  in  any  way  with 
necrotic  lesions.     Answers  to  these  questions  would  help  determine  whether 
there  is  any  relationship  between  aphids  and  crown  deterioration,, 

DISEASE  ASSOCIATION 

Some  of  the  foliage  discoloration  symptoms  are  characteristic  of  those 
caused  by  needle-cast  fungi.     However,   fructifications  of  needle  fungi  were 
infrequent  enough  to  suggest  that  no  epidemic  outbreak  had  occurred  on  white 
pine  as  was  observed  on  other  conifers  in  the  spring  of  1958.     Not  all  needle 
fungi  were  identified;  however,  one  species  of  Bif usella  and  one  of  Lophoder- 
mium  were  found  on  dead  foliageG     Neither  of  these  genera  has  been  reported 
to  cause  significant  losses  in  white  pine.—/ 

The  necrotic  areas  on  twigs  may  be  caused  by  a  fungus,  but  no  isolations 
were  made  to  support  this  theory.     Most  lesions  have  been  arrested  in  growth 
before  they  girdled  the  twigs.     If  a  fungus  is  involved,   it  appears  not  to  be 
normally  virulent  but  acts  like  other  "opportune"  dieback  fungi  such  as 
Cenangium  abietis   (Pers.)  Rehm  (Ascomycetes ,  Dermataceae) ,  which  attacks 
weakened  branches „ 

Since  the  disease  aspects  of  the  problem  have  had  only  limited  study, 
further  investigations  are  needed  to  determine:    (1)  what  place,   if  any,  as- 
sociated needle-cast  fungi  have  in  the  crown  deterioration;    (2)  whether  a 
fungus  causes  the  necrotic  areas;  and,   if  so,   its  identity;  and  (3)   if  a 
fungus  causes  the  necrotic  areas,  what  relationship  it  has  to  the  associated 
insects,   such  as  the  aphid0 

2/  Boyce,  John  Shaw.     Forest  pathology.     2nd  ed.     McGraw-Hill  Book  Co., 
Inc.,  pp.   162-163.  1948. 
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